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By a  systematic study of the blood of  normal rabbits  (1),  it was 
found that  both the absolute and  relative  amounts of calcium and 
inorganic phosphorus exhibited periodic variations and that,  among 
animals living in  the laboratory,  there was  evidence of a  tendency 
toward a  progressive increase in  calcium and of a  decided decrease 
in  inorganic  phosphorus of  uncertain  duration  and  extent.  It  ap- 
peared that, while a  number of factors may have contributed to the 
production of the variations noted, one of the chief causes was the 
occurrence of changes in the light environment. 
It  is,  of  course,  well known that  ultra-violet  radiations of short 
wave-length (3100 .~gstr6m units or less)  are capable of exerting a 
profound influence on the inorganic phosphorus content of the blood 
and  hence on  the  caicium-phosphorus equilibrium.  In the present 
instance, however, it  was evident that  the variations found among 
animals living in the laboratory could not be attributed to the action 
of ultra-violet light of short wave-length as the light received by these 
animals was filtered through glass. 
From  previous  experiments  (2),  it  had  been  found  that  rabbits 
living  under  similar  conditions  showed  periodic  variations  in  the 
weights of organs,  or organic  constitution, and in  their  reaction or 
susceptibility to  disease,  and  that  these conditions were  subject  to 
the influence of a  light environment which included no  ultra-violet 
of  short  wave-length.  It  seemed  probable,  therefore,  that  blood 
calcium  and  inorganic  phosphorus might  be  influenced by  similar 
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conditions.  This assumption was supported by the fact that Mayer- 
son, Gunther, and Laurens (3) found that, in dogs, calcium and phos- 
phorus were affected by a  change from room light to darkness or vice 
versa, and they emphasized the fact that the results obtained by them 
were similar in character to effects produced by irradiation with the 
carbon arc. 
In studying the influence of light environment on the calcium and 
inorganic phosphorus  content of the blood, our chief interest was in 
effects of conditions involving light of long wave-length and a minimum 
of radiant energy as compared with the intensity of illumination, that is, 
in conditions as far removed from the ultra-violet end of the spectrum 
as possible.  The experiments carried out were based on a comparison 
of certain reactive phenomena  presented by animals living under the 
usual laboratory conditions, in total  darkness,  or in an environment 
of  neon  light.  In  addition  to  calcium  and  inorganic  phosphorus, 
parallel observations were made on the effects of the conditions men- 
tioned on nutrition and growth, the growth of hair, on organic consti- 
tution, and on the reaction to disease.  The results for the first three 
phases of the investigation have been reported (4); those for calcium 
and inorganic phosphorus will be presented in the present paper. 
Material and Methods. 
The animals used for the experiments to be reported were the same as those used 
for the study of the influence of light on nutrition and growth, the growth of hair, 
and organic constitution.  The conditions of the experiments were given in detail 
in the first of these papers (4) but may be repeated in part for the sake of clarity. 
The  experiments to  be  reported represent parallel observations on  rabbits 
living under conditions which differed only with respect to the light environment. 
One group of animals,  which for convenience may be designated as the controls, 
was kept in a well lighted (sunlight), well ventilated room with a southern exposure. 
The room was heated during cold weather and an effort was m~de to maintain a 
temperature of 60-70°F. (thermostatic regulation).  These animals are designated 
as controls merely because  they represented the usual as contrasted with an un- 
usual condition. 
A second group of rabbits was kept in a room from which all light was excluded. 
Other li~ng conditions were the same  as those of the first group.  During the 
course of the experiments,  these animals  received some light from two sources. 
For a brief period each day, a 30 watt Mazda lamp was used in this room for dean- WADV. H.  BROWN  105 
ing cages, feeding, and making the necessary observations.  From time to time, 
the animals were also brought into the laboratory for bleeding and were thus ex- 
posed to diffuse filtered sunlight for a period which rarely exceeded an hour per 
week. 
A  third group of animals, the light group, was kept in a  room similar  to the 
others,  with  sunlight  excluded.  This  room  was  lighted  continuously  by  20 
standard neon tubular lights (crown glass), 6 feet  in length and 5/8 inch in diam- 
eter.  The tubes were mounted in an upright position on a rectangular frame in 
the center of the room, parallel with and facing the cages at a distance of approxi- 
mately 3½ feet.  The lights were operated on a current of 25 milliamperes at 8000 
volts to a bank of 3 lamps in series. 
The terms control, light, and dark are used with reference to the three groups of 
animals in a purely descriptive sense.  Each group was intended to supply infor- 
mation concerning the biological action of a particular kind of light environment 
and each served as a control to the others. 
As is well known, the light produced by neon Geissler tubes varies from a rose. 
red to a bluish pink color, depending upon the condition and the operation of the 
tube.  The heat produced is very slight.  The rays transmitted by crown glass 
are concentrated in two regions with faint bands intervening.  The shortest rays 
lie between 3370 and 3520 .t~gstr6m units.  The strongest of these are in  the 
region of 3450 and 3480.  The greater part of the light produced is of very long 
wave-length and is composed of rays from about 5800 to the lower limit of registra- 
tion at 7600/Tmgetr6ms.  The vertical illumination at the front of the cages varied 
between 21 or 23 foot candies at the ends of the rack and 54 at the center with a 
mean of 34.3 foot candies.  No attempt was made to measure the energy delivered 
by this equipment  as it  was perfectly obvious that  such  measurements  would 
serve no particular purpose in the present instance. 
We wish also to emphasize the fact that the animals used in these experiments 
Were given no special preparation to facilitate the action of light such as clipping 
or shaving of hair. 
Observations were made on 3 groups of normal male rabbits living under the 
conditions  described.  At  the  beginning of the  experiments,  the  animals  were 
8  to 10 months old; they were sexually mature but had not attained  their full 
growth.  In each case, the animals for a  given experiment were assembled and 
divided into 3 comparable subgroups according to type or breed, age, and weight, 
but without any knowledge of the calcium or phosphorus content of the blood. 
All animals  were caged separately  and fed  a  uniform  diet  of  hay,  oats,  and 
cabbage. 
Group I  contained 15 albino rabbits,  Group II, 15 black rabbits,  and  Group 
III, 15 gray, brown, or black rabbits.  In each case there were 5 animals exposed 
to the neon light, 5 in the dark, and 5 received diffuse,  filtered sunlight of varying 
intensity and duration. 
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and kept under control conditions until Oct. 22.  Determinations of calcium and 
inorganic phosphorus were begun Oct.  8  and continued at weekly or biweekly 
intervals until May 18,  1927.  323  calcium and 321  phosphorus determinations 
were made on Group I and 329 and 327 on Group II. 
The  animals of Group III were also placed  under observation Oct.  1,  1926, 
and were put into their experimental quarters at that time, but no blood analyses 
were made until Dec. 1.  The blood of these animals was examined at irregular 
intervals and on Feb. 8, 1927, the light and dark divisions of the group were inter- 
changed so that animals that had been living in an environment of neon light were 
placed in the dark and vice  versa.  This condition was maintained until May 4, 
when the two groups were restored to their original environmental conditions and 
observations were continued until June 8, 1927. 
For this group of animals there are 3 sets of results: first, a series of 20 blood 
analyses on each of the 3 subdivisions, most of which were made during the last 
month of a 4 months period of continuous exposure to neon light or confinement 
in the dark with corresponding observations  on the controls; second, a  series of 
45 blood analyses covering a  period of  nearly 3  months during which the light 
environment of the experimental divisions was reversed; and a series of 20 analy- 
ses covering a  final period of approximately 1 month during which the animals 
were restored to their original environmental conditions.  The total number  of 
calcium and of phosphorus determinations made on the 3 groups of animals was 
907 and 903 respectively. 
The  methods  employed in  making  determinations of calcium and  inorganic 
phosphorus were described in detail in the first paper of this series (5). 
The  results  for  calciuni, inorganic phosphorus,  and  the  ratio  of  calcium  to 
inorganic phosphorus are recorded in Tables I to IV as group means for consecutive 
determinations.  The  values for calcium and phosphorus are given in rag.  per 
100 cc. of serum. 
The general trend of the variations observed and the relative magnitude of the 
values obtained are shown graphically in Figs. 1 to  18.  These curves were ob- 
tained by smoothing the  group means as given in Tables I  to IV by the formula 
A  +2B  +C  and  converting the smoothed values into  percentage deviations 
4 
from the  mean values obtained for a  large  series of determinations on  normal 
rabbits (5). 
RESULTS. 
The  results  of  the  experiments  are  summarized  in  Tables  I  to  IV 
and Figs, 1 to  18. WADE  H.  BROWN  107 
TABLE  I. 
Calcium.  Group  Means  for Consecutive Daerminagons. 
Group I  Group II 
Date 
Control  Light  Dark  Control  Light  Dark 
Oct.  8 
"  15 
"  21 
"  29 
Nov.  5 
"  12 
Nov. 19 
"  26 
Dec.  3 
"  10 
"  17 
"  31 
Jan.  14 
"  28 
Feb.  11 
"  25 
Mar. II 
Mar. 25 
Apr.  8 
"  22 
May  4 
"  18 
mg. 
13.66 
13.15 
15.79 
15.43 
16.50 
13.68 
15.16 
14.62 
15.35 
15.51 
16.12 
15.77 
15.40 
16.68 
15.20 
15,56 
16,04 
15.84 
15.23 
16.51 
15.43 
17.18 
mg.  mg.  mg.  mg. 
13.8  13.8  13.7 
15.1  14.3  13.3  14.0 
14.0  15.0  15.0  13.6 
13.9  15.3  14.9  13.1 
16.5  15.2  15.6  16.2 
14.2  14.1  14.2  13.9 
15.0  15.3  15.2 
14.7  14.8  14.7 
15.3  15.7  15.2 
15.5  15.7  15.5 
15.5  15.7  14.8 
16.0  16.5  16.1 
15.2  16.3  15.4 
16.2  15.8  17.1 
15.2  16.1  15.3 
15.8  16.1  15.6 
15.8  16.1  15.5 
15.4 
15.5 
15.6 
15.0 
17.5 
15.0 
15.3 
15.1 
14.5 
17.0 
15.4 
15.3 
15.1 
15.5 
18.3 
14.6 
14.0 
14.8 
15.6 
15.5 
15.4 
15.5 
16.3 
15.0 
14.6 
15.3 
15.2 
14.8 
14.5 
15.1 
16.4 
mg. 
14.2 
13.8 
16.0 
15.0 
16.5 
15.0 
15.9 
14.9 
15.9 
15.5 
15.8 
15.5 
17.0 
16.2 
16.1 
16.2 
15.8 
15.9 
16.1 
15.6 
14.6 
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TABLE  II. 
Inorganic  Phosphorus.  Group Means  for Consecutive Determinations. 
Date 
Oct.  8 
"  15 
"  21 
"  29 
Nov.  5 
"  12 
"  19 
"  26 
Dec.  3 
Dec.  10 
"  17 
"  31 
Jan.  1, 
"  28 
Feb.  11 
Feb.  25 
Mar. 11 
"  25 
Apr.  8 
"  22 
May  4 
"  18 
Control 
4.41 
4.47 
3.39 
4,00 
4.67 
4.73 
4.90 
4.39 
4.61 
4.18 
3,61 
4.40 
4.19 
3.90 
4.14 
4.21 
3.86 
3.81 
3.95 
3.56 
3.39 
3.93 
Group I  Group II 
Light  Dark  Control  Light  Dark 
mg.  mg. 
5.48 
3.79 
4.22 
4.43 
4.32 
5.29 
4.27 
4.71 
4.70 
4.24 
4.23 
3.56 
4.48 
3.55 
4.01 
4.05 
3.41 
3.67 
3.62 
3.50 
3.37 
3,88 
4.17 
3.98 
4.24 
4.22 
4.63 
4.63 
4.56 
3.99 
4.38 
4.38 
4.39 
4.02 
3.66 
4.06 
3.76 
3.39 
3.65 
3.17 
3.10 
3.24 
3.85 
rag. 
5.95 
4,63 
4.91 
4.31 
4.87 
5.31 
5.06 
5.01 
4.43 
4.33 
4.59 
4.72 
4.50 
3.98 
4.15 
4.08 
3.92 
3,88 
3.56 
3.32 
3.13 
3.96 
r~g. 
5.80 
3.48 
4.55 
4.50 
5.05 
5.39 
4.78 
4.86 
4.19 
4.48 
3.91 
4.12 
4.55 
3.61 
4.35 
3.98 
3.50 
3.87 
3.69 
3.25 
3.51 
3.88 
mg. 
4.09 
4.73 
5.19 
4.76 
4.79 
4.73 
4.49 
4.65 
3.98 
4.21 
4.09 
4.25 
3.91 
3.90 
3.99 
3.97 
3.52 
3.70 
3.41 
2.85 
3.20 
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TABLE III. 
Calcium-Phosphorus Ratio.  Group Means for Consecutive Determinations. 
Date 
Oct.  8 
"  15 
"  21 
"  29 
Nov.  5 
"  12 
"  19 
"  26 
Dec.  3 
"  10 
"  17 
"  31 
Jan.  14 
"  28 
Feb.  11 
"  25 
Mar. 11 
"  25 
Apr.  8 
"  22 
May  4 
"  18 
Control 
3.11 
2.95 
4.66 
3.85 
3.73 
2.90 
3.10 
3.33 
3.34 
3.71 
4.46 
3.59 
3.68 
4.28 
3.67 
3.71 
4.15 
4.15 
3.85 
4.64 
4.54 
4.38 
Group I  Group II 
Light 
2.52 
3.98 
3.32 
3.14 
3.82 
2.68 
3.51 
3.12 
3.26 
3.66 
3.66 
4.49 
3.39 
4.56 
3.79 
3.93 
4.63 
4.20 
4.28 
4.46 
4.45 
4.51 
Dark  Control  Light 
2.32  2.36 
3.43  2.87  4.02 
3.77  3.06  2.99 
3.61  3.46  2.91 
3.60  3.20  3.21 
3.05  2.67  2.58 
3.31  3.00  3.05 
3.25  2.93  2.88 
3.94  3.39  3.53 
3.59  3.58  3.48 
3.59  3.22  3.96 
3.76  3.41  3.74 
4.06  3.42  3.46 
4.32  4.30  4.52 
3.97  3.69  3.45 
4.28  3.82  3.67 
4.75  3.95  4.37 
4.11  3.97  3.93 
4.83  4.30  4.01 
4.87  4.55  4.46 
4.48  4.95  4.30 
4.42  4.62  4.23 
Dark 
3.47 
2.92 
3.08 
3.15 
3.45 
3.17 
3.54 
3.20" 
4.00 
3.68 
3.86 
3.65 
4.35 
4.15 
4.04 
4.08 
4.49 
4.30 
4.72 
5.47 
4.56 
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TABLE  IV. 
Group IlL  Group Means for Consecutive Determinations. 
Date 
Dec.  1 
.]an.  5 
"  19 
Feb.  4 
Feb.  11 
"  16 
"  28 
Mar.  2 
"  9 
"  16 
"  23 
Apr.  6 
May  4 
May  6 
"  11 
"  25 
.Tune  8 
Calcium  Phosphorus  Calclum-phosphorus  ratio 
Control  Light  Dark  Control  Light  Dark  Control  Light  [  Dark 
l 
mg.  mg.  mg.  mg.  mg.  mg. 
13.9  14.0  15.0  3.83  3.98  3.71  3.64  3.51  4.05 
15.3  14.7  16.6  5.03  4.81  3.77  3.04  3.05  4.41 
15.6  15.9  16.5  4.66  4.33  4.04  3.34  3.67  4.08 
17.2  17.2  18.4  4.38  4.27  4.13  3.93  4.04  4.44 
16.6  15.3  15.2  4.41  3.85  4.46  3.72  3.97  3.42 
15.4  15.4  14.9  4.32  4.07  4.10  3.55  3.77  3.63 
15.6  15.5  15.2  3.85  3.66  4.10  4.04  4.25  3.70 
15.0  15.5  15,3  4.07  3.95  4.19  3.67  3.92  3.65 
14.7  14.6  15.9  4.10  3.84  4.28  3.58  3.80  3.71 
14,8  15.2  15.6  3.64  3.37  3.53  4.06  4.51  4.41 
14.8  14.5  15.4  3.72  3.85  3.82  3.96  3.77  4.03 
15.5  15.0  15.5  4.53  3.81  4.11  3.41  3.94  3.77 
15.4  14.4  15.9  3.87  3.28  3,53  3.98  4.40  4.51 
15.2  15.1  15.3  4.21  3.59  4.17  3.62  4.20  3.66 
17.0  16.1  16.3  3.90  3.50  3,83  4.35  4.60  4.27 
16.6  16.6  16.9  3.76  3.71  3.72  4.41  4.47  4.54 
15.8  16.7  16.0  3.61  3.37  3.56  4.36  4.95  4.48 .o 
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DISCUSSION  AND  CONCLUSIONS. 
Analysis  of  the  results  will  be  facilitated  if  we  consider  certain 
features of the reaction shown by the smoothed curves in Figs.  1 to 
18 before attempting to make a comparison of actual values. 
An examination of the curves for calcium and inorganic phosphorus 
of Groups I  and II (Figs.  1, 2, 4, 5) shows that the changes found in 
the blood of these animals  are divisible into  several phases.  First, 
there was a  period during which wide variations occurred from one 
examination to the next.  This condition lasted from the  beginning 
of the experiments until about Nov. 19 or 26, or for a period of 7 to 9 
weeks.  During the next month, the changes that occurred were more 
gradual and assumed a more orderly progression in a given direction. 
In  general,  calcium  increased  and  inorganic phosphorus  decreased. 
This was followed by a third period of 6 to 8 weeks during which there 
was comparatively little change of level or, in the case of calcium, there 
was a gradual reversal of the direction of the curves.  Finally, at the 
end of 4 to 5 months, the magnitude of the variation increased again 
with a decrease in both calcium and phosphorus which changed to an 
increase as the experiments were concluded. 
It will be noted that variations of this general type were shown by 
control, light, and dark animals.  There were, however, distinct differ- 
ences in the magnitude and direction of the variations that occurred 
as well as in the time relations, while the results for Group I were not 
identical with those for Group II. 
The problem presented is to determine whether these variations in 
the calcium and phosphorus content of the blood were influenced to 
an appreciable extent by light environment and, if possible, the nature 
of the influence exerted by a particular environmental condition. 
The results obtained for control animals during the first 7 to 9 weeks 
are  clearly  indicative  of  a  profound  disturbance  of  the  calcium- 
phosphorus equilibrium.  As was pointed out in a previous paper  (1), 
a change of this kind is almost invariably produced by a change from 
outdoor to indoor life.  Mayerson,  Gunther, and Laurens  (3)  found 
that similar disturbances of the calcium-phosphorus equilibrium were 
produced in dogs by a change from room light to darkness or dee versa, 
or by irradiation with the carbon arc.  It seems, therefore, that the 
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may be regarded as a  reaction to the change in the mode of living in 
which the light  environment,  and  the  deprivation of ultra-violet  in 
particular, was an important factor. 
Animals of the light and dark divisions were subject to the same 
influences as the controls for a period of 3 weeks, and they show evi- 
dence of the occurrence of changes similar to but not identical with 
those  of  corresponding  controls.  Among  the  white  animals  of 
Group I, the increase in calcium during this period was distinctly less. 
This is particularly true of the dark division which showed a decrease 
rather  than  an increase during the time that  the values for control 
a~_imals were at their maximum (Fig. 1). 
The results for the black animals of Group II were different (Fig. 2). 
The increase in calcium for controls was less than that of Group I, 
but the results for the dark division virtually paralleled those for the 
controls at a slightly higher level, while the change in the light division 
was essentially the same as for Group I. 
The results for inorganic phosphorus show a similar situation (Figs. 
4  and 5).  There was first,  a  decrease,  and then a  marked increase 
and a  second decrease in which the animals of the light division fol- 
lowed the  controls fairly  closely.  Among the  albino  rabbits  in  the 
dark, the reaction followed a  similar course but the increase was less, 
as  in  the  case  of  the  calcium,  while the  black  animals  (Group  II) 
showed a marked decrease in phosphorus during the period of increase 
in the control and light divisions. 
One effect of these changes on the calcium-phosphorus equilibrium 
is shown in Figs. 7 and 8.  In the case of Group I, it will be seen that 
the differences produced in the ratio of calcium to inorganic phosphorus 
during  this  first  period  of  adjustment  or  accommodation to indoor 
life and to exposure to neon light or confinement in the dark are both 
qualitative  and quantitative. 
The effect on the controls was a  marked increase in the ratio, fol- 
lowed by an even greater decrease, while the ratios for light and dark 
animals  remained  virtually  constant  during  the  period  of  increase, 
and the subsequent decrease was less than that shown by the controls. 
Results of a  similar character were obtained for Group II, but in this 
case, after a  slight drop in the calcium-phosphorus ratio, the animals 
in the dark showed a  marked rise which was  maintained during the WADE rr.  BROW~  113 
period of secondary decrease  shown by  control  and light  animals. 
This increase in the calcium-phosphorus ratio is, of course, influenced 
more by the reduction in inorganic phosphorus than by the increase in 
calcium which occurred at this time. 
From a comparison of the results for this period, it seems that the 
most obvious effect of exposure to neon light or complete exclusion of 
light was to dlminish the reaction of accommodation to indoor life as 
shown by control animals.  While the actual influence exerted by the 
experimental conditions is more or legs obscured by the reaction of 
accommodation, it seems that, in general, exclusion of light tended to 
produce a reduction in both calcium and inorgarfic phosphorus and that 
the influence of neon light was to depress the one and to increase the 
other.  The effect of exclusion of light was greater than that of light 
of long wave-length.  It  also  appears  that  the black animals were 
more susceptible to the influence of these conditions than the albinos; 
this is particularly true of the influence on inorganic phosphorus, but 
there is a  suggestion that, in the case of calcium, the color relation 
may have been reversed. 
During the second period of the experiment, the calcium in the blood 
of control animals increased; in Group I, it reached a maximum toward 
the end of December, but in Group II the rise continued until the end 
of January (Figs. 1 and 2).  There was a  s~milar increase in  calcium 
among light and dark  animals with the  establishment of a  definite 
order of magnitude, the animals in the dark giving the highest values, 
those in the light the lowest, and the controls occupying an intermedi- 
ate position.  The differences in level were comparatively slight, but 
were greater in the case of black than of white animals which is  of 
interest in comparison with the results for Group III. 
No blood analyses were made on the animals  of Group III until 
Dec. 1, or until they had been under observation for 2 months.  The 
results begin, therefore, with the period corresponding with the period 
of increasing calcium in Groups I  and II, and we find precisely  the 
same relations in Group III (Fig. 3) but with an even greater difference 
between the control and light a~imals on the one hand and dark ani- 
mals on the other. 
As  calcium increased  in Groups  I  and  II,  inorganic phosphorus 
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the light and dark divisions was greater  than that  of the controls. 
Among the control animals, the decrease in inorganic phosphorus was 
interrupted by a clearly defined secondary rise and a little later there 
was a slight increase among the animals of the light division, while in 
the dark division there was merely a reduction in the rate of decrease. 
The relative order of magnitude of values for inorganic phosphorus 
was not exactly the reverse of that for calcium, but the lowest values 
were given by animals in the dark and the highest by the controls with 
the light division in the intermediate position. 
The reaction of the white animals of Group I was somewhat differ- 
ent.  In the first place, the high values reached during the preliminary 
period of adjustment were maintained for a longer time and the subse- 
quent decrease in phosphorus was more gradual.  This was particu- 
larly true of animals in the light  division which maintained a higher 
level during this period  than the controls.  The reaction of animals 
in the dark was also peculiar in that they showed a secondary rise in 
inorganic  phosphorus,  the  maximum of  which  coincided with  the 
minimum of the controls, SO that during the second half of the period, 
the relative position of these animals changed from lowest to highest. 
The results for Group III (Fig. 6)  agree with those for Group II 
in so far as the relative amounts of inorganic phosphorus in the blood 
of the 3 classes of animals are concerned and with even greater quanti- 
tative differences.  But, in Group III, phosphorus rose in the blood 
of animals in  the dark,  while it  decreased in  the control and light 
divisions as in Group I. 
Considering the 3 groups of animals, it is again evident that the 
general trend of the curves for calcium and inorganic phosphorus were 
essentially the same irrespective of differences in environmental con- 
ditions.  There were, however, differences in the order of magnitude 
of the values obtained, and in the case of phosphorus, definite differ- 
ences in the direction of the curves at certain times.  In general, the 
evidence indicates that complete exclusion of light tended to  diminish 
the inorganic phosphorus content of the blood and to  increase  the 
calcium especially in animals of a  dark color,  but was  less  effective 
in the case of albino rabbits.  There is also evidence that  neon light 
exerted a  similar influence on the phosphorus content  of  the  blood, 
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depression  of  the phosphorus  was less while the calcium content of 
the blood was diminished and not increased. 
The effect of these changes on the calcium-phosphorus equilibrium 
(Figs. 7, 8, and 9 and Tables III and IV) was to increase the ratio of 
calcium to inorganic phosphorus of all classes of animals in Groups I 
and II and of the control and light divisions of Group III.  The dark 
division of the third group was first increased to a level far above that 
of control and light animals, and then diminished. 
The relative magnitude of the change varied in differen  t groups of 
animals.  In Group I (albinos), the controls gave the highest value for 
this period, the light division  came next, and the dark animals were 
lowest despite the fact that during the first half of the period the ratio 
was highest in these animals.  In Groups II and III  (dark colored 
animals) the order of magnitude was reversed with a ratio of calcium 
to phosphorus that was much higher in dark than in either the light 
or control animals,  while the values for the light divisions were much 
higher than those for the controls. 
Following  the period of increasing calcium and  decreasing phos- 
phorus, the calcium level in control animals of Group I remained Mgh 
for about 3 months.  At the beginning of this period inorganic phos- 
phorus increased slightly and then remained comparatively constant 
for about 2 months. 
The values obtained for calcium in light and dark animals differed 
from those of the controls in that they showed less fluctuation and were 
at slightly lower and higher levels.  There was a stabilization of in- 
organic phosphorus in the light animals during the latter part of the 
period, as in the controls, and a suggestion of a similar condition in 
the dark division,  but on the whole, there was a continuation of the 
downward movement which was more marked in dark than in light 
animals. 
The results for Group II differed somewhat from those for Group I. 
In the first place, the period of increasing calcium was more prolonged 
and this was followed by a definite decrease which was associated with 
a marked decrease in inorganic phosphorus.  Light and dark animals 
reacted in a similar manner.  There was, however, less reduction in the 
calcium of dark animals, while the light division  showed a slight rise 
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The relative magnitude of the three values was the same, however, as 
for Group I. 
Following  the increase of inorganic phosphorus in control animals 
of Group II (December) there was a marked decrease over a period 
of about 1 month.  The decrease then continued at a rate virtually 
parallel with that of animals in the dark, but at a  distinctly higher 
level.  The animals in the light also showed a reduction in inorganic 
phosphorus, but in this case,  the decrease was interrupted by brief 
periods of slight increase or stabilization. 
During the last  2 months of the experiments, there were several 
changes in the relative magnitude of values.  For some time, animals 
in the dark had shown higher values for calcium than either the con- 
trols or those in the light, but among the dark animals of Group I, 
calcium decreased until it was at a distinctly lower level than in either 
of the other divisions.  In Group II the reduction occurred later, and 
when  the  experiments were concluded,  the  calcium level  for  dark 
animals was still slightly higher than that of animals in the light but 
lower than the controls. 
Inorganic phosphorus  decreased in  control  and  dark  animals  of 
both groups with no material change of relation, but the decrease was 
more marked in Group II than in Group I.  Among the animals in 
the light, the decrease was less;  the difference between the light and 
dark divisions was increased, while in Group II  the phosphorus level 
was higher than that of the controls with an evident tendency in  the 
same direction in Group I. 
As the experiments were concluded, all values were increasing again 
with the exception of the calcium in the dark division of Group II and 
the phosphorus of control animals of Group I. 
The entire series of changes described above is presented in Figs.  10 
to 15 from the point of view of the relation between the changes that 
occurred in calcium to those in inorganic phosphorus and their effect on 
the calcium-phosphorus equilibrium as indicated by the ratio between 
the two substances.  We cannot attempt a detailed discussion of these 
curves, but it will be seen that while the relations presented assume 
the same general form in all cases, the exact relations are different as 
indicated by the spacial  relations and directions of lines.  The differ- 
ence between the equilibrium shown by control and light animals is, on 
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other groups.  There are, in fact, 3 types of curves of which the one 
presented by animals in the dark is most distinctive.  A comparison 
of results from this point of view shows that differences in absolute 
amounts of calcium or phosphorus, which might appear to be insig- 
nificant, may produce a  very definite difference in  the  equilibrium 
between the two substances. 
Another feature of the results to be considered is the effect  of a 
change of environment on animals that have lived for several months 
in a fixed environment of neon light or in darkness as indicated by the 
results obtained for Group III (Figs. 3, 6, 9, and 16 to 18).  When the 
first change was made (Feb. 8), calcium had reached a  high level in 
all classes of animals, while inorganic phosphorus was decreasing in 
animals of the control and light divisions and, in the dark, increasing 
from an exceptionally low level. 
Following the change of environment, there was a  marked decrease 
in the calcium of the animals transferred from dark to  light and  a 
smaller decrease a~mong those transferred from light to dark, but  the 
controls also showed a decrease which continued for some time, while 
there was  a  slight  and transient secondary rise  among the  animals 
that  had  been  placed  in  the  dark  and  a  more  decided and more 
prolonged rise among those that had been transferred from  the dark 
to  the  light.  This  increase  in  calcium  was  maintained  while  the 
calcium of animals placed in the dark decreased to a level below the 
controls.  Meantime,  there  was  a  gradual  increase  of  calcium  in 
control animals.  After a brief period of adjustment there was thus a 
return to the relation that existed between light and dark animals at 
the time of the change in environmental conditions with the reestab- 
lishment  of fairly stable  levels,  while  the  controls showed changes 
which were not reflected to an appreciable extent by either the light 
or dark divisions. 
The immediate effect of the change of environment on the phos- 
phorus is uncertain.  There may have been an  accentuation of the 
decrease in inorganic phosphorus of animals placed in the dark and a 
corresponding tendency toward  a  sustained  elevation  among  those 
transferred to  the light.  At  any rate,  there was  a  change in  the 
relative levels of the two groups of animals, and after a  further de- 
crease in inorganic phosphorus, the animals placed in the light showed 
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When the second change of environment was made (May 4), both 
calcium and phosphorus were at lower levels than at the time of the 
first change.  Calcium increased in both the light and dark animals, 
while  inorganic  phosphorus  diminished  in  the  dark  group  and  in- 
creased slightly in the light, but it is not certain that these changes in 
the chemical composition of the blood can be regarded as an effect of 
the change in environment as the period of observation was too short 
to afford an opportunity for a definite determination of results. 
If we compare the effect of this series of changes on the calcium- 
phosphorus equilibrium, as shown in  Figs.  16 to  18, with  conditions 
presented by the animals of Groups I  and II  (Figs.  10 to 15), it  will 
be seen that, following the initial disturbance of equilibrium, the curves 
for both light and dark animals were more  analogous to those of the 
light  divisions of other groups  than to  the dark divisions.  This  is 
shown by the tendency to maintain a  comparatively constant ratio. 
There is,  however, a  suggestion of the persistence of a  dark effect in 
the high calcium-phosphorus ratio of dark animals while the tendency 
of this value to decrease rather than to increase is indicative of a light 
effect.  It is to be noted that this decrease in ratio values occurred 
despite the persistence of a high calcium level, which may be regarded 
as a  dark effect, and was due to an increase in inorganic phosphorus 
which is indicative of a light effect.  The converse is true for animals 
that  were transferred from a  !ight to  a  dark  environment so  that, 
comparing the  spacial  relations  of the three values  shown in  these 
figures with  corresponding curves for  Groups  I  and  II,  it  appears 
that,  despite  the  persistence  of  certain  conditions  which  may  be 
attributed  to  preexisting  environmental  influences,  the  change  of 
environment reversed the general relations of the curves. 
Thus far, the discussion has been confined to a consideration of the 
trend of the curves for calcium and inorganic phosphorus  and such 
differences in results as are shown by comparisons of smoothed curves. 
It is  evident that all  classes of animals showed actual variations in 
calcium and inorganic phosphorus comparable with the periodic and 
progressive variations reported in  a  previous paper  (1),  so that  the 
evidence bearing on this phase of the results need not be considered 
further.  In  addition,  there is definite evidence of quantitative and 
qualitative  differences  between  the  results  obtained  for  animals 
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of  different breeds  or  color.  The  differences shown  appear  to  be 
consistent and, while it is highly improbable that, by chance alone, 
variations of the same character would be obtained in all of the experi- 
ments, the differences indicated are, for the most part, comparatively 
small and the question arises as to whether they are sufficiently large 
to  be  regarded as  significant.  In order to  answer this  question,  a 
quantitative comparison of results is necessary. 
A  general idea of the  situation  presented may be  obtained by  a 
comparison of the mean values for all observations on a  given lot of 
animals,  disregarding variations  in  the magnitude  and  direction  of 
changes that  occurred.  A  comparison of this  kind  constitutes  the 
most severe test that can be applied since the occurrence of variations 
in one direction and then in the other might obliterate any difference 
between mean values or obscure the effect of an influence which tended 
to produce a variation in a given direction.  On this basis, the results 
obtained  for  calcium,  inorganic  phosphorus,  and  for  the  calcium- 
phosphorus ratio are as follows: 
Calcium. 
Group  I  Group II  Group nI 
Control ............................  15.3 -4-  .09  15.4 -4-  .09  15.5 -6-  .10 
Light ..............................  15.3 ±  .07  14.9 4-  .07  15.4 4-  .08 
Dark ..............................  15.5 -4-  .06  15.7  4-  .08  15.9 4-  .08 
Inorganic Phosphorus. 
Group I  Group II  Group In 
ontrol...  4.14 -4-  .033  4.35  4-  .05  4.11  4-  .037 
2ght...  4.14 -4-  .045  4.24 -4-  .05  3.84 4-  .037 
)ark.  3.98 4-  .037  4.10 4-  .05  3.94 4-  .034 
Calcium-Phosphorus Ratio. 
Group II  Group nI  Group I 
,.= 
Control.  3.79 4-  .04 
Light.  .I  3.79  4-  .05 
Dark...  3.97  4-  .04 
3.61  4-  .05 
3.62 4-  .05 
3.96 4-  .05 
3.83  4-  .04 
4.08 4-  .04 
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These figures show a very close agreement among animals of a given 
as well as of different groups.  In Group I, there is a suggestion that 
the calcium content of the blood may have been higher in dark than 
in control or light animals, but in Groups II and III the difference is 
sufficient to  be regarded as significant.  In only one case,  however, 
is there a  significant difference between the values obtained for light 
and control animals  (Group II).  It is also of interest to note that 
while there is no definitely significant difference between the values for 
the 3  groups  of control animals,  there is  a  difference in  the case of 
both the light and dark divisions of the 3 groups. 
Comparison  of  the  results  for  inorganic  phosphorus  and  for the 
calcium-phosphorus ratio  bring out a  similar situation.  In general, 
the value for inorganic phosphorus of animals in the dark is smaller 
than that for control or light animals, while the calcium-phosphorus 
ratio is larger.  The only exception to this rule is in the results for 
inorganic phosphorus of light and dark animals in Group III and this 
may be a  result of the change of environment, as suggested by the 
reversal  of relations.  Some of the effects indicated by the smooth 
curves  are,  therefore, borne  out  by  a  quantitative  comparision  of 
aggregate mean values.  If a  comparison is made of values obtained 
for successive phases  of the reaction,  differences are found between 
all  classes  of  animals,  and  in  some instances,  they are  even more 
dearly defined than those shown by aggregate mean values. 
This does not prove, however, that the differences found are due to 
light effects.  It is possible, but improbable, that by chance selection, 
the  animals were distributed in  such a  way as to form groups with 
differences in  the basic levels of calcium and inorganic phosphorus 
which  were  the  same  in  all  cases  and  that  these  differences were 
maintained with some variation throughout the period of observation. 
It is difficult to eliminate this possibility as there is no entirely satis- 
factory method of determining basic levels for the several groups of 
animals due to  the disturbance of equilibrium following the change 
from  outdoor  to  indoor life.  This  aspect  of  the  problem  may be 
clarified, however, by a  comparison of results based on the relations 
shown by light and dark animals for different periods of the experi- 
ments.  An examination of the figures given in Table I  shows that up WADE  H.  BROWN  121 
to Nov. 19 the results for calcium on Group I  were irregular  with  no 
clearly defined difference in levels.  From  Nov.  19  to Mar.  11,  the 
general level of all values increased but not exactly to the same extent, 
while from Mar.  25 to May 18, there was a  further  increase among 
control and light animals but a decrease occurred in the dark division. 
In  Group II,  the diflfJerences for successive periods are not so clearly 
defined,  but  for  comparative  purposes  the  same  divisions  may  be 
made.  In the case of Group III, it will be necessary to adhere to the 
divisions made by experimental conditions.  In this instance, nothing 
is known  concerning  basic levels of  control,  light,  or dark animals. 
The  first  set  of  values  corresponds  with  the  values for  the  second 
period  as  given  for  Groups  I  and  II,  while  the  second  and  third 
groups of results represent  effects produced by a  change of  environ- 
mental conditions.  On this basis the mean values for calcium are  as 
follows: 
Croup I. 
Oct. 8 to Nov. 12  I  Nov. 19 to Mar. 11 I Mar. 25 to May 18 
Control.  14.91 4-  .277  15.58 4-  .080  16.04 4-  .133 
Light.  14.59 4- .179  15.47 4-  .067  15.79 4-  .136 
Dark ......  14.77 4-  .106  15.83 4-  .081  15.38 ~  .134 
Group II. 
Control ............................  14.42 4-  .151  15.47 :~:  .091  15.87 -4-  .173 
Light  ..............................  14.09 4-  .156  15.14 4-  .080  15.20 4-  .112 
Dark ..............................  15.17 4-  .235  15.87 4-  .074  15.85 4-  .124 
Group III. 
Control ...........................  !1[  15.5 4- .196  15.3  4- .084  16.1  -~  .142 
Light .............................  15.4  ~  .241  15.0  4- .069  16.1  -4- .142 
Dark .............................  16.6  4- .226  15.4  4- .063  16.1  4- .134 
On the same basis, the divisions that would be made in the  results 
for inorganic phosphorus  do not fall at exactly the same points  and 
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divisions indicated in Tables II and IV, the comparative results  for 
inorganic phosphorus are as follows: 
Group I. 
I  i2 
Control  ...........................  4.42  4-  .057  4.07  4-  .052  3.83 4-  .041 
Light .............................  4.51  4-  .058  4.01  -4-  .063  3.64 4.  .043 
Dark .............................  4.30 4.  .036  4.15 4.  .052  3.45 4-  .044 
Group II. 
2  3  4 
Control ..............  4.95 4-  .120 
Light ................  /  4.58 4-  .048 
Dark ................  [  4.80 4-  .155 
4.83  4-  .078 
4.79 4-  . 083 
4.47 4-  .070 
4.45 4-  .072 
4.04 4-  . 092 
4.04 4-  . 062 
3.75  4-  .048 
3.75  4-  .041 
3.55  4-  .051 
Group Ill. 
I  2  3 
Control  ............................  4.48 -4- .083  4.05 -4- .044  3.87 -4- .056 
Light ..............................  4.35 4-  .085  3.74 4-  .037  3.55 4-  .056 
Dark ..............................  3.91  4-  .080  4.01  4-  .044  3.82 4-  .066 
Ratio values might be compared in the same way but the results for 
calcium and phosphorus are sufficient to bring out the points of chief 
importance.  In the first place, it is evident that the relative order of 
magnitude of the values obtained for calcium and phosphorus cannot 
be  attributed to  inherent differences in  the  basic  levels of control, 
light, and dark animals.  It is also evident that definite changes of 
level occurred in all classes of animals which involved changes in the 
relative magnitude of values from one period to another.  This shows 
not only an appreciable degree of independence of action of factors 
responsible for these changes, but that the effect produced was influ- 
enced by the length of time animals were exposed to the action of a 
particular influence.  The time influence is  best  illustrated  by  the 
results for dark animals of Group I  which showed a  clearly defined 
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while for corresponding periods, inorganic phosphorus was maintained 
at  a  higher level  than  in  control  or  light  animals  but  eventually 
dropped to a much lower level. 
With reference to the effects produced by a change of environment, 
as in Group III, it may be pointed out that the marked decrease in 
calcium with a slight,  but apparently definite,  increase in phosphorus 
shown by dark animals when placed in the light is conclusive evidence 
in itself that the first change of environment produced an effect.  This 
result is supported, however, by the occurrence of a marked decrease 
in  phosphorus  in  the light  division.  But, calcium did not increase 
as might have been expected or the increase came too late to affect 
the mean value for that period.  This, in itself, is of importance as it 
suggests a difference  in the rate of response or force of action of positive 
and negative influences following a prolonged exposure to an influence 
of the opposite kind. 
From a quantitative analysis of the results, one may conclude that, 
in general, the conditions shown by the smoothed curves give a fair 
conception of  the  actual  influence of  environmental conditions  on 
blood  calcium  and  inorganic  phosphorus.  But,  in  attempting  to 
define the action of this influence, it should be pointed out that there 
is evidence to show that light environment was not the only factor 
concerned in the production of the variations that occurred and, hence, 
that the influence exerted by light was subject to modification by other 
factors.  Moreover, it appears that the effect produced in a given case 
depended to some extent upon the existing levels of calcium and phos- 
phorus as well as the concentration of other substances in the blood 
which influenced the calcium and phosphorus content or equilibrium. 
Time is also an important factor as the effect produced varied with the 
length of exposure to a given influence. 
The results obtained show conclusively that both absolute amounts 
of calcium and inorganic phosphorus in the blood of rabbits and the 
calcium-phosphorus equilibrium were affected by conditions of light 
environment which included no  short  wave-length ultra-violet.  A 
distinction is  to  be made between effects produced by a  change of 
environment and effects produced by prolonged exposure to a fixed 
environmental condition of a given nature. 
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to a fixed environment, a change of environment produced a more or 
less marked disturbance of the calcium-phosphorus equilibrium extend- 
ing over a period of 7 to 9 weeks.  On the whole, the effect produced by 
a  change from outdoor to indoor life was greater than that produced 
by a  change from the diffuse light of the laboratory to neon light or 
darkness.  The  outstanding  features  of  the  effects produced  by  a 
change from outdoor to indoor life were first, an increase, and then a 
decrease in the calcium content of the blood, with changes in inorganic 
phosphorus in the opposite direction, so that the ratio of calcium to 
phosphorus was greatly increased and then diminished.  These effects 
were modified by exposure to neon light and by exclusion of light.  A 
change of environment after prolonged exposure to  a  fixed environ- 
ment produced only a slight and transient disturbance of equilibrium 
with a  marked delay in the development of effects characteristic of 
the new environment. 
The initial effects of exposure to a  fixed environment of neon light 
or darkness are uncertain.  The first definite effect of the exclusion 
of light on the calcium content of the blood was an increase with the 
maintenance of a  level in the upper ranges of normal; the effect of 
neon light was a decrease with the maintenance of a level in the lower 
ranges of normal.  Both conditions produced a  decrease of inorganic 
phosphorus, but the decrease was less among animals exposed to neon 
light and there was evidence of a tendency to maintain a higher level 
or to prevent a decrease to an extremely low level.  The effect of neon 
light was maintained throughout the period of observation, subject to 
the modifying influence of other factors, but the early effect of exclu- 
sion of light lasted for only a  few months; the terminal effect was a 
decrease of both calcium and inorganic phosphorus. 
With the increase in calcium and the decrease in  inorganic phos- 
phorus there was a marked increase in the calcium-phosphorus ratio 
of animals in the dark and this increase continued until near the end 
of the experiments despite the occurrence of a  decrease in  calcium. 
The  calcium-phosphorus ratio  of animals  exposed to  neon light  in- 
creased less and here again there was an obvious tendency to maintain 
a  more  stable  equilibrium  and  to  prevent  the  development  of  an 
excessively high ratio of calcium to inorganic phosphorus. 
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laboratory differed from those of animals living under fixed environ- 
mental  conditions  in  several  significant  respects.  They  showed 
wider variations within a  given  period of time and more frequent 
fluctuations; calcium tended to be higher than for animals exposed to 
neon light but lower than for  animals in the dark, while inorganic 
phosphorus was, for the most part, higher than in either of the other 
groups, but at times was definitely lower.  The calcium-phosphorus 
ratio was very irregular,  at times it was much higher than that of 
other animals, and at other times much lower, due to the occurrence 
of wide variations from a  general level which was  somewhat lower 
than that of animals exposed to neon light.  The outstanding features 
of the condition presented by these animals, as compared with a~imals 
living  under  fixed  environmental  conditions,  was,  therefore,  the 
instability of the calcium-phosphorus equilibrium. 
While the results have not been analyzed in detail from the point of 
view of color or breed, sufficient evidence has been presented to show 
that the reaction to environmental conditions or susceptibility to the 
light influence is not the same for  all  classes of animals, but it  is 
uncertain whether this difference is attributable to color or to some 
more fundamental difference in  the  constitution of the  animal or- 
ganism. 
The data have also been analyzed from the standpoint of the dis- 
tribution of individual values, but since this form of analysis reveals 
essentially the same differences as have been noted above, the results 
are omitted. 
The features of the results obtained in these experiments that are of 
especial interest from the point of view of their bearing on the reaction 
of the animal organism to environmental conditions are the profound  ef- 
fects produced by a change of light environment and the relation of the 
effects produced by exposure to light and by exclusion of light to con- 
ditions that occur normally as a function of age.  The  depression or 
suspension of growth activity and the occurrence of certain  changes 
in organic constitution, associated with an increase in blood calcium 
and a decrease in inorganic phosphorus, with a marked increase in the 
calcium-phosphorus ratio produced by deprivation of light are  con- 
ditions analogous to the changes that occur with advancing age.  The 
effects produced by neon light, on the other hand, suggest that its 126  CALCI~  AND INORGANIC PHOSPHORUS IN  BLOOD.  IV 
action  tended to  prevent  the  occurrence of premature aging or to 
maintain  conditions  that  are  compatible  with  vigorous functional 
activity.  Moreover,  available  evidence seems to  indicate that  this 
analogy between the action of light and changes that occur with age 
is equally applicable to the effects produced by light environment on 
susceptibility and the reaction to disease. 
In conclusion, it may be said that the results of this series of experi- 
ments, including those on nutrition and growth and on organic consti- 
tution, show that, under appropriate conditions, it is highly probable 
that light of any kind is capable of producing a biological effect even 
though the energy involved may be extremely small. 
SUMMARY. 
A series of experiments was carried out for the purpose of determin- 
ing whether a  light environment comprising radiations of  compara- 
tively long wave-length and only a small amount of energy was capable 
of affecting the chemical equilibrium of the blood as indicated by the 
calcium  and  inorganic phosphorus content of  the blood  of  normal 
rabbits.  A study was made of effects produced by prolonged exposure 
to fixed environmental conditions (neon light and darkness) as com- 
pared with a varying environment of diffuse, filtered sunlight and by 
a  change from one environment to another. 
It was found that the chemical equilibrium of the blood was  deft- 
nitely affected by the conditions employed and that the effects  pro- 
duced could  be  correlated  with  differences in  organic  constitution 
on the one hand,  and on the other,  with certain  differences in  the 
functional  activity  of  the  same  animals,  involving  nutrition  and 
growth and the proliferative activity of hair follicles. 
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